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laboratory  operations 

The  Laboratory  Operations  of  The  Ac  roip.it  c  Corporation  is  conducting 
expe ri mental  and  theoretical  investigations  necca»*ry  mi  the  evaluation  and 
application  of  scientific  Advances  to  neve  military  concepts  and  systems.  Ver¬ 
satility  and  flexibility  have  been  developed  to  a  high  degree  by  the  laboratory 
personnel  in  dealing  with  the  many  proble  rs  encountered  m  the  nation's  rapidly 
developing  space  and  missile  Systems,  Expertise  in  the  latest  Scientific  devel¬ 
opment#  is  vital  to  the  accomplishment  of  task*  related  to  these  problems.  The 
laboratories  that  contribute  to  this  research  are: 

Aerophysics  Laboratory:  Launch  and  reentry  aerodynamics,  heat  trans¬ 
fer,  reentry  physics,  chemical  kinetics,  structural  mechanic#,  flight  dynamics, 
atmospheric  pollution,  and  high-power  gas  lasers. 

Chemistry  and  Physics  Laboratory:  Atmospheric  reaction#  and  atmos- 
pheric  optics,  chemical  reactions  in  polluted  atmospheres,  chemical  reactions 
of  excited  species  in  rocket  plumes,  chemical  thermodynamic#,  plasma  and 
laser-induced  reactions,  laser  chemistry,  propulsion  chemistry,  space  vacuum 
and  radiation  effects  on  materials,  lubrication  and  surface  phenomena,  photo¬ 
sensitive  materials  and  sensors,  high  precision  laser  ranging,  and  the  appli¬ 
cation  of  physics  and  chemistry  to  problems  of  law  enforcement  and  biomrdicine. 

Electronic#  He  a  oar  Laboratory:  Electromagnetic  theory,  devices,  and 

propagation  phenomena,  including  plasma  electromagnetics;  quantum  electronics, 
laser#,  and  electro-optics;  communication  sciences,  applied  electronics,  semi¬ 
conducting.  superconducting,  and  crystal  device  physics,  optical  am  acoustical 
imaging;  atmospheric  pollution,  millimeter  wave  and  far-infrared  technology. 

Materials  Sciences  Laboratory:  Development  of  new  materials;  metal 
matrix  composites  and  new  forms  of  carbon;  test  and  evaluation  oi  graphite 
and  ceramic#  in  reentry;  spacecraft  materials  and  electronic  components  in 
nuclear  weapon#  environment;  application  of  fracture  mechanics  to  stress  cor¬ 
rosion  and  fatigue-induced  fractures  in  structural  metals. 

Space  Physics  Laboratory:  Atmospheric  and  ionospheric  physics,  radia¬ 
tion  from  .he  atmosphere,  density  and  composition  of  the  atmosphere,  aurorae 
and  airglow;  magnetosphe ri c  physics,  cosmic  rays,  generation  and  propagation 
of  plasma  wave#  in  the  magnetosphere;  solar  physics,  studies  of  solar  magnetic 
field#;  space  astronomy,  x-ray  astronomy:  the  effect#  of  n.  explosions, 

magnetic  (torm#,  and  solar  activity  on  the  earth’s  atmosphere,  ionosphere,  and 
magnetosphere:  the  effects  of  optical,  electrom«\gnetic,  and  particulate  radia¬ 
tions  in  space  on  space  systems, 
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the  F)  initiated  the  reaction,  A  290-cm  reaction  chamber  containing 
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This  work  supported  by  the  Advanced  Research  Projects  Agency  of 
the  Department  of  Defense  under  U.  S.  Air  Force  Space  and  Missile  Systems 
Organization  (SAMSO)  Contract  F040< -73 -C-0074. 

The  authors  are  indebted  to  L.  Uergerson  for  Ills  very  capable 
assistance  with  these  experiments. 

This  report,  which  reflects  research  carried  out  from  February 
through  May  1972,  was  submitted  to  2nd  Lt  George  C.  Nield,  DYAE,  for 
review  and  approval. 
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Publication  of  this  report  does  not  constitute  Air  Force  approval  of 
the  report's  findings  or  conclusions.  It  is  published  only  for  the  exchange 
and  stimulation  of  ideas. 


ABSTRACT 


Output  pulse  observations  are  presented  for  a  He-diluted  CO^ 

laser  pumped  by  vibration -v ibratwn  (VV)  energy  transfer  Iron' 

vibrationally  excited  DF  produced  by  the  D7-F7  chain  reaction.  Flash 
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photolysis  of  the  F7  initiated  the  reaction.  A  290-cm  reaction  cham¬ 
ber  containing  a  0.  5 -atm  mixture  with  a  mole  ratio  D^F^CO^tHe  = 

0.  33:1:8:10  gave  a  single-pulse  output  energy  of  2.8  J.  Relative  to  the 
amount  of  present  in  the  reaction  chamber,  this  corresponds  to  a 
chemical  efficiency  greater  than  5%, 
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EFFICIENT  PULSED  CHEMICAL  LASER 


We  have  measured  pulse  energy  and  temporal  and  spatial 
distribution  of  the  pulse  from  a  D^-F^/CO^  chemical  transfer  laser 
involving  the  pumping  and  transfer  steps 


F  f  D2-*DF(v)  +  D 

(1) 

D  -f  Fi  — *DF(v)  +  F 

(2) 

DF(v)  4  COz  —*»  DF(v-l)  +  CO* 

(3) 

where  v  and  *  indicate  vibrational  excitation.  The  reaction  was 
initiated  by  flash  photolysis  of  the  F->. 

First  operation  of  a  DF/CO^  laser  was  achieved  by  Gross 
(Ref.  11  who  ohserved  the  laser  pulse  forms  obtained  when  various 
F20-D2~CO^  mixtures  were  flash  photolyzed.  Chain-reaction  pumping, 
by  the  use  of  reactions  (1)  through  (3),  was  introduced  by  Cool  and  co - 
workers  (Refs.  2-5),  who  have  made  an  extensive  study  of  the  power 
output  of  cw  D.,-F,/CO,  lasers.  After  careful  optimization  of  D,~F-,  - 

C.  6  O  C  L 

CQ2_hp  flows,  they  found  chemical  efficiencies  as  large  as  4.6%. 

Several  other  studies  of  cw  ^2'^  2^C°2  *ascrs  have  a*so  been  performed 
(Refs.  6-8).  Pulsed  operation  of  a  chain  reaction  D^-F^/CO^  laser 
has  been  reported  by  Ba- ov  ct  al.  (Refs.  9-10)  and  Poehler  et  al,  , 

(Ref.  11), who  flash  photolyzed  ^2  *^2  "^^2  an<^  ‘F^ -C02 -He  m^x^urcs» 
respectively.  In  the  experiments  of  Poehler  et  al,  ,  with  a  total  sample 
pressure  of  700  Torr,  the  energy  output  was  5.2  J;  with  their  composition, 
this  corresponds  to  a  chemical  efficiency  of  3,  2%,  Here  we  report 
preliminary  studies  of  a  pulsed  D^-F^/CO^  laser  with  flash-photolyzed 
Dj-F^-CO^-He  mixtures  in  which  pulse  energies  as  large  as  2.8  J  and 
peak  powers  greater  than  160  kW  have  been  achieved.  Thi..  pulse  energy 
corresponds  to  a  chemical  efficiency  greater  than  5%. 


Experiments  were  performed  by  the  use  of  the  apparatus 
shown  in  f  ig.  1.  The  laser  tube  was  a  section  of  quartz  pipe  (Thermal 
American  Fused  Quart  z)  ol'  25 -mm  i.d.  and  55 -cm  length  fastened  lo 
aluminum  fixtures  holding  KC1  windows  at  the-  appropriate  Brewster's 
angle.  The  laser  tube  was  centered  within  a  1.2-sn  optical  resonator 
formed  by  a  spherical  mirror  of  8.8-m  radius  and  one  of  a  set  ol 
dielectric -coated  germanium  flats  (Valpey).  The  spherical  mirror 
was  coated  with  Au  and  MgF,  to  a  nominal  reflectivity  of  98%.  The 
dielectric  flats  had  various  transmissivities  ranging  from  1  to  35%. 

Helium  (Mutheson,  99,99%)  and  F  (Matheson,  98%)  were  premixed 
at  a  mole  ratio  of  10:1  in  a  19 -liter  passivated  stainless  steel  bottle 
at  10  atm.  A  flow  of  the  Ile-F,  mixture  was  delivered  through  a  regulat¬ 
ing  valve  to  a  mixer  where  it  was  injected  through  a  calibrated  sonic 
orifice.  Metered  flows  of  the  remaining  gases.  D,  (Matheson.  99.5%). 

<C 

CO,  (Matheson,  99.8%),  and  the  balance  of  the  lie  were  introduced  into 
the  mixer  through  another  sonic  orifice.  As  a  precaution  against  pre¬ 
ignition  of  the  mixture,  the  mixer  was  cooled  by  immersion  in  a  dry 
ice  and  alcohol  bath.  Likewise,  downstream  of  the  laser,  the  mixture 
flowed  through  a  flame  arrestor  composed  of  a  parallel-flow  array  of 
fine  tubes  that  was  cooled  in  another  such  bath.  The  flow  rate  was  such 
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that  the  290 -cm  volume  of  the  quartz  pipe  was  exchanged,  nominally, 
every  1.5  sec.  Gases  from  the  system  were'  exhausted  by  a  30 -liter /m in 
mechanical  pump  (Kinney)  after  passing  through  a  charcoal  trap  to  pro¬ 
tect  the  pump  from  unreacted  F,.  Pressures  were  measured  with  F ?  - 
compatible  gauges  (Heist)  with  Cu-Be  Bourdon  tubes. 

A  Xc  flash  lamp  of  56-cm  active  length  (Kemlite)  energized  by 
an  ignitron -triggered  1 4 .  7 -  pF/20 -kV  capacitor  (Sangamo )  served  to 
initiate  the  reaction.  Close  coupling  of  the  flashlamp  to  the  laser  tube 
was  accomplished  by  wrapping  the  two  together  with  an  aluminum  foil 
reflector. 


NOT  SHOWN: 

USER  COOLING  SYSTEM 
INVAR  ALIGNMENT  FIXTURES 


Fig,  1.  Iligh-Prcssuie  Flash  Photolysis  Laser  Apparatus.  (The 
laser  cooling  system  and  In  var  alignment  fixtures  are 
not  shown.) 
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'1  hr  energy  ul  the  laser  pulse  was  measured  by  Iodising  the 
output  beam  into  a  calorimeter.  A  cone -  thermopile  unit.  (TRG)  with  a 
2-cnt-diam  aperture  was  usecl.  The  lime  history  of  the  laser  pulse  was 
observed  with  a  Au:Ge  detector  (Raytheon).  The  flashlamp  intensity 
history  was  monitored  with  a  type  92 9  photodiode  (RCA).  F.stimates 
of  the'  spatial  distribution  oi  energy  in  the  laser  output  were  obtained 
by  observing  color  patterns  formed  in  an  encapsulated  liquid  crystal 
screen  (National  Cash.  Register)  held  in  the  output  beam. 

We  l  ive  operated  the  laser  with  good  success  at  initial  pressures 
up  to  0.  5  atm.  An  oscilloscope  record  ci  llashlamp  intensity  (upper 
beam)  and  laser  output  (lower  beam)  lor  a  0.5-atm  mixture  with  a  mole 
ratio  l),  CO,  :lle  =  0.33:1:8:10,  flash  energy  oi  2400  j  (18  UV), 
and  35%  output  coupling  is  shown  in  Fig.  2.  An  energy  output  oi  2.8  J 
was  obtained  for  these  conditions.  The  liquid  crystal  observations 
indicated  that  roughly  one -third  oi  the  reactor  cross  sectional  area 
was  filled  ssiili  strong  emission, 
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For  the  total  volume  oi  the  reactor,  290  cm  ,  and  an  initial 
pressure  of  D,,  b.  5  Torr,  reactions  (1)  and  (2)  liberate  54.7  J,  The 
measured  laser  output,  2.8  J,  is  5.  1%  oi  this  chemical  energy  release. 
With  the  actual  volume  usefully  employed  by  the  resonator  modes 
accounted  for  an  efficiency  of  15.  3%  is  yielded.  This  chemical  efficiency 
is  significantly  larger  than  the  3.2%  obtained  in  earlier  chain-reaction 
D  ,  -F  ,/CO;  pulsed -laser  experiments  and  the  4.  6%  value  reported  lor 
an  optimized  cw  laser. 

The  ratio  of  our  laser's  output  energy  to  its  volume  is  just 
slightly  less  than  20  J /liter  atm.  Again,  with  the  active  volume  of  the 
laser  usefully  employed  by  the  resonator  modes  accounted  for,  an  energy 
density  of  approximately  -i()  J  /liter  atm  is  yielded.  This  energy  is 
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promisingly  close  to  the  10-  to  !50-J /liter  atm  values  reported 
recently  for  electrically  pumped  atmospheric -pressure  CO^  lasers 
( Refs  *  12-14).  * 

Etching  of  the  KC  1  Brewster  windows  by  the  corrosive  gases  in 
the  system  complicated  the  experiments.  The  largest  energies  were 
seen  with  freshly  installed  windows.  On  successive  shots,  window 
etching  produced  a  fairly  rapid  deterioration  in  performance.  We  found 
that  a  baF,  coating  on  the  windows  gives  only  a  moderate  amelioration 
of  this  problem.  Because  of  this  complication,  we  have  not  completed 
a  full  optimization  of  operating  parameters  for  maximum  energy  output. 
Thus,  while  the  foregoing  2.8  J  is  the  largest  energy  the  laser  has  pro¬ 
duced  so  lar,  we  do  not  believe  it  represents  maximum  output  for  this 
device.  Increased  initial  pressure  and  further  optimization  of  mixture 
composition,  mirror  alignment,  output  coupling,  and  strength  of 
initiation  all  merit  attention.  Exploration  of  these  possibilities  is 
underway,  as  is  comparision  of  the  results  with  theoretical  modeling.** 


N.  G.  Basov,  7th  Quantum  Electronics  Conference,  Montreal,  Canada, 
1972, 

11.  E.  Kerber,  N.  Cohen,  and  G.  Emanuel,  "A  Kinetic  Model  and 
Computer  Simulation  for  a  Pulsed  DF/CO-,  Chemical  Transfer  Laser," 
(unpublished). 
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